The topological Hall effect (THE), originating from non-zero scalar spin chirality defined in real-space, is a hallmark feature of the two-dimensional skyrmion lattice phase (SkL). However, the closely related thermoelectric response (topological Nernst effect, TNE) has never before been reported for the SkL. Here, we first confirm the presence of the TNE in the chiral magnet MnSi, the most canonical SkL host. Next, we apply the TNE probe to the SkL phase of centrosymmetric, hexagonal Gd 2 PdSi 3 , with an extremely high density of skyrmions. Its Nernst response is gigantic and comparable to the largest previously reported anomalous Nernst coefficients in ferromagnetic semimetals. In Gd 2 PdSi 3 , we confirm the validity of the Mott relation for the TNE, and discuss the importance of changes of effective spin polarization with variation of the Fermi energy.
being perpendicular to the largest face of the sample. The experimentally obtained Nernst signal S xy = E y / |∇T | is expressed as S xy = ρ xx α xy −ρ yx α xx in terms of α ij and the resistivity tensor ρ ij = (σ ij ) −115 . In the raw data, we observe a clear dip of S xy /T (entropy factor T removed) within the same B-range where the susceptibility is suppressed upon entering the SkL phase ( Fig. 1(c,d) ). Crucially, this additional contribution to S xy is not proportional to the net magnetization of the sample. We isolate the TNE by subtracting an odd, third order polynomial from S xy (B) and report, for the first time, the topological thermoelectric response of MnSis equilibrium SkL. The TNE, just like the equilibrium SkL phase itself, is rapidly suppressed when cooling MnSi below its bulk T C . We therefore turn next to a skyrmion host compound where a wider regime of T and B is accessible for experimental study and analysis.
In the hexagonal rare-earth intermetallics Gd 2 PdSi 3 and Gd 3 Ru 4 Al 12 , where magnetic long-range order onsets at T N ∼ 20 K, recent work has established SkL phases with tiny vortex spacing d ∼ 2.9 nanometers induced by a magnetic field 1617 . We focus on Gd 2 PdSi 3 , where the dominant magnetic ion is Gd 3+ in the triangular lattice plane, whereas the conduction electrons largely inhabit the honeycomb Pd/Si layer ( Fig. 2 ). Dzyaloshinskii-Moriya interactions, which are intrinsic to non-centrosymmetric material platforms and which favor helical order and skyrmion spin textures, are expected to be absent in this centrosymmetric bulk crystal. Instead, skyrmion formation is driven by frustrated RKKY (RudermanKit-telKasuyaYosida) interactions 18 and remarkably, skyrmions were found to exist (for B// caxis) even at the lowest T = 2 K, i.e. at T /T N ∼ 0.1 16 . Located between two phases with zero net scalar spin chirality (helical-like IC-1 and the fan-like IC-2), the topologically stable SkL is bounded by sharp, first-order phase transitions as observed in the B-derivative of the DC magnetization (DC susceptibility χ DC ). This phase alone was found to host enormous THE and TNE responses in our transport experiments ( Fig. 2(c, e) ), the THE being in good agreement with previous work 16 . Transport experiments for the crystallographically strongly dissimilar materials MnSi and Gd 2 PdSi 3 are therefore fully consistent; we proceed to show that the large Nernst signal in the latter compound facilitates further analysis and improved understanding of the coupling between scalar spin chirality and the conduction electrons in the magnetic SkL phase.
A first step towards confirming the Mott relation for the topological Nernst response of the SkL phase is the calculation of the Nernst conductivity α xy = S xy σ xx +S xx σ xy (sometimes referred to as transverse thermoelectric conductivity or transverse Peltier conductivity 15 ), which requires input from the longitudinal thermopower S xx shown in Fig. 3 (a). Note that S xx is of comparable magnitude for the IC-1 and SkL states, both of which host helical spin modulations 16 ; the strong difference in topological Nernst and Hall responses in the respective phases, as well as the sharp maxima in the magnetic susceptibility ( Fig. 2(d) ), clearly distinguish these two states. We are now prepared to check Mott's relation quantitatively using a series of slightly carrier-doped crystals Gd 2 (Pd 1−x M x )Si 3 with M = Rh (hole-doping) or Ag (electrondoping). Figure 4 (a) shows the results of Hall conductivity measurements for these samples, and for pure Gd 2 PdSi 3 . The peak value of σ xy (B, T = 2 K), σ max xy , is plotted in Fig. 4(b) , together with a linear fit as a function of nominal carrier concentration 23 .
The resulting slope is ∂σ xy /∂n = +3.5 · The THE is often written in terms of the Hall resistivity as ρ T yx = R 0 P B em , where R 0 is the normal Hall coefficient (Hall constant) and P is a factor accounting for the spin polarization of conduction electrons 4 , or the effective coupling between the conduction electron spin and local Gd 3+ moments in the case of Gd 2 PdSi 3 . This expression rests on the assumption, as introduced above, that scalar spin chirality acts as an emergent magnetic field B em , comparable in its effect on moving charge carriers to a real magnetic field B. Changes of B em are not captured in the framework of the Mott relation, so that we may expand
where |ρ yx | /ρ xx 1 is implied. In MnSi, the first term in Eq.
(1) appears to dominate and we have α T xy /Q 0 ≈ ρ T yx /R 0 = P B em with Q 0 = − (π 2 k 2 B /(3e)) (∂/∂ε) (R 0 /ρ 2 ) ζ , at least within the boundaries of the equilibrium SkL phase 15 .
A comparison of ρ T yx /R 0 and α T xy /Q 0 in Fig. 4 (c) shows that in contrast, the TNE of Gd 2 PdSi 3 behaves as if a roughly 2.5× suppressed value α T xy /Q 0 =PB em were acting on the charge carriers. Clearly this must mean that the second term in Eq. (1) cannot be neglected and leads to a partial cancellation in the Nernst signal. In consequence, we predict that further enhancement of the TNE in Gd 2 PdSi 3 can be achieved by fine-tuning of the effective coupling P between conduction electron spins and local moments, e.g. via band filling. Nevertheless, the present Nernst response of high-density skyrmion textures in the centrosymmetric magnet Gd 2 PdSi 3 is already on par with the largest anomalous Nernst signals ever observed in ferromagnets.
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